The immune system relies on a number of receptor families to discriminate non-self or "altered"-self from healthy self, with discretion between these states as the switch maintaining tolerance against autoimmunity and a warranted response against pathogens and cancer. The first point of recognition in the immune response is tasked to ancient families of germline-encoded receptors able to sense conserved molecular patterns generated by tissue damage and inflammation (damage-associated molecular patterns, DAMPs), and/or pathogen infection and replication (pathogen-associated molecular patterns, PAMPs). These molecular products sensed by the patternrecognition receptors (PRRs) can be found across all kingdoms of life This article is part of a series of reviews covering Characterization of the Immunologic
| INTRODUC TI ON
The immune system relies on a number of receptor families to discriminate non-self or "altered"-self from healthy self, with discretion between these states as the switch maintaining tolerance against autoimmunity and a warranted response against pathogens and cancer. The first point of recognition in the immune response is tasked to ancient families of germline-encoded receptors able to sense conserved molecular patterns generated by tissue damage and inflammation (damage-associated molecular patterns, DAMPs), and/or pathogen infection and replication (pathogen-associated molecular patterns, PAMPs). These molecular products sensed by the patternrecognition receptors (PRRs) can be found across all kingdoms of life (ie, nucleic acids, cell wall components, ATP), and the recognition of these molecules in context initiates inflammatory signaling pathways promoting the initiation of an immune response. 1, 2 Another pathway modulated by PRR signaling is antigen presentation-the processing and display of exogenous and self-antigens in major histocompatibility complexes (MHC) for their recognition by a more flexible set of receptors used by the adaptive immune system. TCRδ, broadly define the two major, though distinct, T cell lineages (ie, αβ and γδ T cells, respectively). This massive amount of receptor diversity endows T cells with the capacity to see nearly any peptide able to be presented in MHC; the theoretical number of potential 9-mer and 14-mer peptides able to bind MHCI and II is estimated at 10 10 and 10
17
, respectively. 4 Furthermore, it has been estimated that a single TCR is able to recognize upward of 10 6 -10 7 unique peptides. 4 This combination of diverse antigens and receptors able to recognize them results in a flexible compartment of cross-reactive immune cells able to respond to new pathogens, and importantly, able to remember previous encounters. We refer to the vast universe of T cell clones within an individual as being their TCR repertoire. A conventional response by T cells involves an encounter between the host and a pathogen or tumor. New and abundant antigens with PRRdriven inflammation results in the recruitment and clonal expansion of antigen-specific T cells aimed at eliminating the threat through cytotoxic killing. 1 The trade-off for this level of specificity, however, is slow kinetics, taking several days to weeks between first contact with PRRs and a pool of antigen-specific T cells responding to the agent. While this targeted type of conventional T cell response against peptide presented by MHC in a canonical manner is certainly the best understood in terms of mechanism, it is only one way the antigen specificity of the TCR is harnessed by the immune system. 5 It is well appreciated that unconventional T cells with more delimited functions and specificities develop and are elicited in non-canonical ways; more recently, we have begun to better understand how these unconventional populations sit on the spectrum of innate and conventional acquired immunity.
Many questions regarding the origin, specificities, and activities of these unconventional T cells remain unanswered. The fact that several types of unconventional T cells are selected on the older, non-classical MHCs presenting a limited array of non-peptide antigens suggests that these unconventional T cells appeared early in the evolution of the lymphocytes. Reflecting the need for recognizing conserved molecules outside the bounds of peptide:MHC, lymphocyte populations with rapid response kinetics using invariant
TCRs are selected for their recognition of non-classical MHC class Ib (MHCIb) molecules, fulfilling their destiny as an innate-like T lymphocyte. 6 The MHCIb genes, are the older, well-conserved members of the MHC family, sharing considerable structural similarity with most requiring β2-microglobulin (β2m) for their expression on the cell surface. 7 It is unknown what the ligands are, if any, for a number of the MHCIb proteins, and lesser known still how they affect tolerance or shape the innate and adaptive specificities and responses, alike.
What is clear, however, is some of these MHCIb proteins present small molecules both exogenous and endogenous in origin recog- 
| THE γδ T LYMPHO C Y TE , THE FOUND ING MEMB ER OF THE UN CONVENTIONAL LYMPHOC Y TE S
The γδ T cells are a unique lineage of T cells integral in a number of immune-related processes: tissue function/homeostasis, response to pathogens and commensal microbes, and tumor surveillance. In both mouse and human, γδ T cells are widely distributed across a number of tissues but enriched within lymphoid and mucosal tissues.
Their localization puts γδ T cells at the frontline for surveillance, and they are able to respond rapidly to damage and infection, helping mediate their repair, secreting antimicrobial peptides, and coordinating the escalation of the immune response if necessary through cytokine/chemokine production. The functions and contributions of γδ T cells to immune responses have been well reviewed in a number of excellent articles. [9] [10] [11] Here, we will focus our discussion on the repertoire landscape of γδ T cells to try and highlight the emerging pattern whereby the γδTCR seemingly directs cell-fate decisions in a clonotypic manner. (We will use the Tonegawa nomenclature for γδ TCRs).
Like their αβ T cell brethren, γδ T cells develop in the thymus, undergoing the required recombination activating gene-dependent VDJ recombination resulting in productive, paired TCRγ and TCRδ chains. During rearrangement, the CDR3γ and CDR3δ regions are amenable to nucleotide insertion for tuning of antigen recognition.
In fact, due to the presence of multiple diversity genes (D) of TCRδ capable of being translated across three reading frames, the theoretical CDR3 diversity of the γδ TCR due to germline gene rearrangements and excluding N-additions at the CDR3 is ~10 18 In addition to fixed specificity of the invariant, innate-like γδ T cells, it has been speculated for some time that γδTCRs with diverse gene rearrangements and CDR3 diversification were more adaptivelike in their nature. The finer points of γδ T cell antigen specificity have been well reviewed elsewhere. 13 With exception to those ger- nosis for a number of diverse cancers. 36 As discussed, they express a range of activating NK cell receptors capable of activating and licensing them for anti-tumor activity, but whether the TCR itself is able to recognize tumor antigens, or if the γδTCR repertoire is tuned to recognize certain antigens upregulated in adjacent tissue during tumorigenesis is unknown. 10 Some of the first evidence that clonal selection of responding γδ T cell lineages is occurring in cancer comes from a recent study by Chen et al. 37 Here, the diversity of TCRδ, but 
| THE UN CONVENTIONAL αβ T CELL S
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| MR1-restricted T cells
The MR1 is an ancient MHCIb, and highly conserved among species with mouse and human MR1 having approximately 90% shared sequence, and with this amount of similarity between them, it is not surprising their specificity for folate and riboflavin products are also conserved. MAIT cells are not restricted to the mucosa as their name might imply; though they are enriched in the lung, gut, liver, and other mucosal surfaces, they can be readily found in peripheral blood of humans and primates, where they look similar with regard to their invariant repertoire and functional response. 52 For a more comprehensive look at MAIT cells, we refer the reader to these recent reviews, 53-55 as we will focus our discussion on their repertoire. 
Mouse and human MAIT cells use an invariant
| IELs
Up until this point all the cell types we have discussed are restricted, at least in part, to MHCIb selection. TCRαβ + IELs, however, are a marked departure from these scenarios as they are subject to con- 
| CON CLUS ION
Studies of unconventional lymphocytes have demonstrated that they arise during the first waves of T cell development due to a high affinity for self-antigen, and upon experiencing their antigens, expand to form large, stable pools of clones poised for responding quickly to conserved molecular structures as part of the immune response to infection and damage (Table 1 analysis coupled to TCR identity of a single cell, it is likely that new populations of unconventional lymphocytes endowed with targeted specificity will be discovered as we continue to fill in the atlas of TCR repertoires.
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